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Immediately after the first effective technics
of tissue culture were devised by Ross Harrison
in 1908, it was recognized that the serum of
some animal species was toxic to the cultured
cells of other species. Because valuable tissue
cultures could be destroyed by exposure to an
incompatible heterologous serum, this complex
problem was studied by many investigators
and reviewed by Niven in 1929 (1). It has been
recognized that homologous and autologous
serum also may be toxic to normal cells in tissue
culture (2, 3). Studies by Terasaki (4, 5) have
shown that autologous serum may be selectively
toxic to the cultured epidermal cells of the adult
rat or rabbit, but not toxic to the cultured
lymphocytic cells of the same animal.
Grossly toxic heterologous sera will arrest the
growth of cells in culture and may cause rapid
cytolosis. In contrast, some heterologous sera
and most toxic homologous sera induce more
subtle injury without disrupting growth or
destroying the cells. The effects of slight serum
toxicity on the cell may include biochemical
changes, the development of the aneuploid
chromosomal pattern, and the hastening of
general dc-differentiation in the cell. The in vivo
or "natural" media around the cell may be said
to be non-toxic in the sense that the normal
function of the cell is maintained. Such medium
has not been duplicated for tissue culture work.
Tissue culture systems may become toxic by
many routes, including the addition of antibiotics,
by the surface of the culture flask, by the balance
or composition of the defined media, but possibly
most consistently by serum additives. Unfortu-
nately, the addition of serum to tissue culture is
necessary to grow primary explants and to sustain
the growth of most established cell lines. The
mechanism by which compatible serum promotes
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tissue culture growth is not understood (6).
De-differentiation in tissue culture cells is of
little concern to those who study the cell as a
micro-organism or use it as medium for the cul-
ture of viruses, but is a major problem to those
who would use tissue culture technics for the
study of embryology, oncology, or the physiology
and biochemistry of the differentiated cell.
The two more sensitive technics for the
measurement of the toxicity of a serum or com-
plete medium for a particular cell type are, first,
the measurement of changes in the regular growth
cycle of the cell after adding small amounts of
serum; and, second, the cloning efficiency of the
cell line in a standard medium with the test serum
added. Neither technic is applicable to the study
of differentiated epidermal cells because no es-
tablished cell line exists. Two other technies are
applicable to the problem of selecting serum
additives for the culture of epidermal cells.
First, it is possible to measure the effect of serum
on the survival time and differentiation of organ
cultures from the epidermis; and, second, the
direct toxicity of 50% serum on primarily cul-
tured dispersed epidermal cells can be observed.
MATERIAL AND METHOD5
Human blister fluid was obtained by applying
a 0.2% solution of nitrogen mustard to the skin of
adults. The blister formed within 36 hours, and
the fluid was withdrawn after 48 hours. The fluid
was sterilized by filtration and kept at room tem-
perature for an additional 48 hours. Fresh blister
fluid contains excessive proteolytic enzymes and
cannot be used.
All explants of basal cell epithelioma were
obtained from one patient with multiple lesions
of the superficial type. After cleaning the skin
with alcohol and rinsing with saline, the lesions
were curetted and the fragments placed in a dish
containing sterile 858 medium. Under magnifica-
tion explants of about one to two cubic millime-
ters were selected and placed in a culture on
filter paper mats in sealable dishes. Standard 858
medium was used, or 858 medium with 10-20%
pooled human serum, or with 10, 20, or 40% blis-
ter fluid added.
Suspensions of epidermal cells were obtained by
the method of Billingham (7). Skin obtained at
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necropsy from the abdomen was cut into 1-centi-
meter squares, placed in 0.25 to 0.5% fresh trypsin
in Tyrode's solution and incubated at 37° C for
30 to 100 minutes. The dermis can then be removed
and cells scraped loose from the epidermis. Gen-
erally, 50 mg, wet weight of skin yielded 600 to
800 X 10 cells per ml. The cells were centrifuged,
washed twice, and resuspended in physiologic salt
solution (P88). Approximately 600 thousand cells
per ml is a desirable concentration.
L cells of the Michigan (LM) strain were grown
in standard 199 P medium. The cells are harvested
mechanically and suspended in P88 in the same
manner as prescribed for epidermal cells.
To carry out the direct toxicity test, one ml por-
tions of the cell suspension is mixed with one ml
portions of serum or medium to be tested, and
placed in a spot test dish, covered, and incubated
at 37° C. At desired intervals, and at 5 hours, 2 ml
samples are withdrawn, stained with 0.2 ml of
0.4% nigrosin dye in P88, and counted in a hemo-
eytometer in the usual manner of a dye exclusion
test (8). If low dilutions of serum are to be tested,
the addition of 5% glycerine to all samples reduces
artifacts of mechanical injury to the cells.
EESULTS
Compared to organ cultures of normal adult
epidermis which can he maintained for 3—5
weeks, cultures of superficial basal cell epi-
thelioma consistently survived only 6—8 days
in plain 858 medium (9). When 10—20% fresh
autologous serum or pooled human serum were
added to the 858 medium, the explants died more
rapidly, usually within 3 to 5 days. Adding 10—
40% blister fluid to the medium allowed the ex-
plant to survive for 5 to 6 weeks with good
differentiation.
A suspension of 300 thousand adult epidermal
cells per ml in 50% pooled human serum in P88
incubated at 37° C will be reduced by 80—100%
over a period of 5 to 8 hours. In control speci-
mens, using fetal calf serum, less than 15% of
the cells will die in 5 hours. Although the results
of this technic vary greatly, perhaps due to
postmortem change in the cells, individual
variations in donors, trypsin injury, or mechani-
cal damage during preparation, the large differ-
ence between the test and the control in any
given trial is remarkable. Blister fluid tested in
direct toxicity studies gives the same result as
control serum; that is, blister fluid demonstrates
the least measurable toxicity to adult human
epidermal cells. The addition of small amounts
of nitrogen mustard to toxic serum does not
lessen the toxic effect on epidermal cells.
In 50% human serum in P88, all L-cells were
lysed within 15 to 20 minutes, as Federoff has
noted (10). In 10% pooled human serum in
199 P media, over 80% of the L-eells were
destroyed in 5 hours. The introduction of 10%
human serum into a culture of L-eells in 199 P
medium during any phase of the growth cycle
produced an immediate arrest of growth. How-
ever, blister fluid could be introduced without
harm in any phase of the growth cycle, even in
amounts of 30-40% of the medium by volume.
Cloning efficiency studies were not successful.
DIscussIoN
The serum factor which killed the human
epidermal cells in the direct toxicity test was
found to be heat stable (60° C for thirty minutes),
non-dialysable and complement binding. Terasaki
found the same characteristics for the anti-
epidermal factor in the autologous serum of
rabbits and rats (5). Furthermore, Federoff
found that the powerful anti-L-eell factor in
human serum also has these characteristics
(11, 12). Because the anti-epidermal and the
anti-L-cell factors are alike in some physical
characteristics, and because they are both
absent from fetal serum and blister fluid, efforts
were made to see if the two factors might be
identical. Selective absorption studies were not
conclusive because the cells were lysed as the
toxic factors were absorbed. To answer this
question, it may be necessary to purify and
more completely characterize the toxic factors.
If the toxic factor traced each other closely, or
were identical, the more sensitive tests for serum
toxicity could be done using the standard L-cell
line. It appears that human serum which is
highly toxic to the L-cell strain is likely to contain
anti-epidermal cell factor.
To maintain cells or organ explants in culture
with complete differentiation even minimal
toxicity of the media must be avoided (13).
The test which measures the direct effect of 50%
test serum solution on the survival of the cells is
useful in avoiding destructive eytolytie sera,
but does not measure subtle toxicity. The test
which measures the survival time and notes the
rate of de-differentiation of an organ explant
measures minimal toxicity more sensitively.
Basic investigation of cell nutrition must neces-
sarily precede the tailoring of a defined culture
media for the cultivation of differentiated epi-
dermal cells. Until that time, blister fluid may
prove to be a natural and non-toxic additive to
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media for selected organ and cell cultures in
which differentiation must be maintained.
Considering the clinical observation that a sheet
of epidermal cells can proliferate across the floor
of a bulla during the healing phase, it is not
surprising that blister fluid appears to be a more
natural medium for the cultivation of human
epidermal cells than homologous serum (14).
SUMMARY
Some technics have been described for cross-
matching normal and neoplastic epidermal cells
with the tissue culture medium or fractions of the
media to be used. A natural medium of low toxic-
ity is most able to prevent dc-differentiation of
cultured cells. Homologous serum proved to be
moderately toxic to primary cell and organ
cultures of epidermis. In contrast, fluid from
blisters produced by the application of nitrogen
mustard solutions was shown to be less toxic
than homologous serum and superior to the
serum in the maintenance of selected explants of
basal cell cpithelioma.
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DISCUSSION
DR. MARION B. SULzBREGER, New York, N.Y.:
I would like to ask Dr. Anderson a question
which may appear naive-—to him and to all of
you.
Is it possible that autogenous serum when
liberated, reaching the cpidcrmal cells in vivo
at a certain concentration, couldproduce damage
to those cells? Could that be one of the mech-
anisms of cczcmatous reaction? In other words,
the allergic tissue reaction would simply act to
release sufficient serum to bathe the cpidcrmal
cells, and the toxic factor in that serum would
then produce the cpidcrmal changes. Is that a
conceivable mechanism or not?
Dn. ALLAN L. LORINCZ, Chicago, Ill.: Does
serum from which complement has been rc-
moved retain its toxicity for cpidcrmal cells in
tissue culture?
DR. PHILIP C. ANDERSON, (in closing): Let
mc deal first with Dr. Lorincz's question about
complement. Unlike the usual in vitro hcmolytic
reaction in which hctcrologous complement may
be used, only human complement can be used
in this reaction with cpidcrmal cells. Dr. Fcdcroff
has investigated this question carefully using
the L-ccll system. We have tested this point
ourselves only by adding fresh, non-toxic human
serum to heat-inactivated serum and noting
restoration of the toxic effect. Animal comple-
ment cannot be substituted. The heat-inacti-
vated serum is still toxic, but much less so than
is fresh serum. The anticpidcrmal cell factor
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described here accounts for some but certainly
not all of the toxicity of human serum for
autologous cells.
Dr. Sulzberger's comment is interesting. Many
speculations have occurred to us during this
work. The mechanisms that control the cell
in vivo must differ greatly from those in vitro.
Of course, this subject is still very confused.
However, I believe that new technics in tissue
culture can eventually bridge this problem. For
example, speculatively, we might suggest that
the first exudation of serum into a fresh blister
contains the epidermal cell inbibitor which func-
tions to debride the injury and restrain cellular
proliferation until conditions and the healing
mechanisms are correct. The inhibitor is gradually
absorbed out on the epidermal cells in and around
the blister. A hypothesis, somewhat along this
line, could be tested in vivo. We have also con-
sidered the possibility that epidermal cells might
become embolic rather commonly as the result
of the common crushing or cutting injuries.
A serum inhibitor would serve to prevent ad-
verse effects on the body from such emboli.
Also we are interested in speculating as to why
the epidermal cell inhibitor is absent or reduced
in children; perhaps the inhibitor develops in
response to a lifetime of epidermal injury or
disease.
